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Bleomycin first discovered by Umezawa, et al (1966) is a polypeptidic antibiotic which exerts growth inhibiting action on tumor cells as well as on bacterial cells . According to the results obtained by extensive studies made in other laboratory (Suzuki, et al 1969) , this antibiotic induces marked strand breakage of DNA both in vivo and in vitro. With regard to these findings, it was thought of interest to see whether or not radiation-sensitive bacteria respond to bleomycin more sensitively than radiationresistant bacteria, since the latter bacteria are known to possess an ability to join the broken DNA strands induced by X-rays or the gap induced within the process of DNA repair (Howard-Flanders 1968) , while certain radiation-sensitive bacteria were found to be defective in such ability (Morimyo, et al 1968: Kapp and Smith 1970) . This communication deals with comparison of cell killing between radiation-sensitive and radiationresistant strains of Escherichia coli and with the degradation of DNA of bacteria of different physiological states.
The bacterial strains used were E, coli B/r (Witkin 1947) , B, B3_1 (Hill 1958) , KMBL 49 thr-leu-thy-pyr-thi-uvr+ rec+ ( Van de Putte, et al 1965) , and JC1569 thr-leuarg-his pror thi-uvr+ recA~ (Clark 1967) . KMBL 49 was kindly provided by Dr. A. Rorsch, Rijswijk, The Netherlands, and JC1569, by Dr. A. J. Clark, Berkeley, California, U.S.A. Strain B3_1 carries mutations in genes exr and uvr, which are responsible for its extreme sensitivities both to X-rays and to ultraviolet light (Greenberg 1967 : Mattern, et al 1966 and the gene responsible for ultraviolet resistance character of B/r is located between lac and ton loci (Donch, et al 1969) . All of the three B strains have lon-gene. JC1569 is a recombination-defective mutant of E. coli K12 and it is sensitive both to ultraviolet light and to X-rays (Clark 1967). Bacteria used for exposure to bleomycin were grown in M9 medium supplemented with appropriate growth factors, if necessary. Three physiologically different cultures were used; stationary phase culture which was prepared by growing bacteria overnight, growing phase culture which was prepared by incubating stationary phase bacteria for lh at 37°C in fresh M9 medium, and amino-acid starved bacteria that were prepared by incubating growing-phase bacteria for 90 min at 37°C in M9 medium supplemented with growth factors, but without amino acids. In every case bacteria were washed with M9 buffer, diluted with the same buffer to give concentrations of about 5 x 10' bacteria/ml and exposed to bleomycin at 37°C with continuous shaking.
Survival was determined on nutrient broth agar containing 1 % Dif co nutrient broth, 0.5% NaCI and 1.5% agar. Degradation of DNA was estimated from the amount of radioactivity remained in the acid-insoluble fraction of bacteria labeled with 3H-thymidine Morimyo, et al 1969) . Labeled bacteria were prepared by growing overnight in supplemented M9 medium containing 3H-thymidine (0.4 pCie/ml, 10 Cie/mM).
Bleomycin A2 (copper-free) was obtained through Dr. T. Terashima (National Institute of Radiological Sciences, Chiba) and the concentration adopted in the present study was 100 pg/ml. As will be seen from Fig. la , radiation-sensitive strains, B3_1 and JC 1569, were no more sensitive to bleomycin than the radiation-resistant strains. It may be concluded, therefore, that there is no correlation between X-ray or ultraviolet-sensitivity and bleomycin sensitivity.
A similar conclusion has been reported recenly by Endo (1970) . It was also found that all the strains examined showed equally higher resistance to bleomycin in stationary phase than in growing phase (Fig. la) . Amino acid starvation also made the K12 strains as resistant as the stationary cultures (Fig. lb) . Confirming the observations made in other laboratory (Suzuki, et al 1969) , there was an extensive degradation of DNA in cells exposed to bleomycin. The results for strains B and KMBL 49 are shown in Fig. 2 as examples. More or less similar results were obtained for other strains.
It appears, but not certain, that the extent of degradation reflects the extent of cell death, although it is not known whether or not the DNA degradation is the cause of cell killing. Parallel data were also obtained for induction of A bacteriophage in KMBL (A); the induced fraction of stationary bacteria was 2% whereas that of growing bacteria was 33%.
In some features the mechanism of action of bleomycin appears to be similar to that of radiation, for example X-rays.
Both provoke killing of mammalian as well as bacterial cells and both induce strand breakage of DNA and extensive breakdown of it. In addition, they also inhibit DNA synthesis and induce filament formation of bacterial cells under certain conditions. However, the present results strongly suggest that the injury induced by bleomycin is different from that induced by radiations, since, as far as has been examined, bacterial strains carrying a mutation in the recA (JC1569), uvr (B3_1) or ion (B and Bs_1) gene are equally resistant to bleomycine as compared to the strains in which these genes are f unctionable. Furthermore the present study has given data indicating that the sensitivity of E. coii cells to bleomycin is greatly influenced by Fig. 2 . DNA degradation in E, coli cells exposed to bleomycin A2. The method was briefly described in the text. The actual radioactivity counted at time zero was 2000 to 3000 cpm. E, coli B; control bacteria incubated without bleomycin (0), stationary phase bacteria (•), growing bacteria (A). E, coli KMBL 49; growing bacteria (/), amino-acid starved bacteria (0).
